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ABSTRALT

One of the determinants of the markel accep-
tance ot solar technologiey in the residential
houting sectur 1s the value placed upon the
solar property at the tyme of retal:. The
retale factor is shuwn to be an important
egconomic narameter when net benefits of the
solar design ere considered over o typical
ownevship cycle rather than the lite cycle

of the systen. Although o study of snlar
resale 1n Davis, CA. ipdicates that those
particuidr hores have beet appreciating n
value faster than norsolar narbet comparables,
nG study hat boen sadt that woul! cunf e thig
conclusior for marsets in ather geoyrapnical
locetsons with suppurting tests of statinin-
cal syanifrcance.,  The data Lo undertabe

suth an analysts as avairlable throu b pgpes
vun Jutal sources, howsver case by case data
tollec ion iy prohilatively expersive, A re-
comended alternaave appresth {s to mabe ute
n! real evtate marke! date 4t whe o te
lary® dala babes and provide multy-variate
statistical analysiy packayges,

1. RELAUL RS AN L CIOMEE EARRMETE R

Y
1.1 Introduetion

lhe resale of residential selar homes i the
real estate mudet hay important imphicatyons,
far humeowner s wht buy amd sell solar propes -
ties, for Jendi ;o anntitutions that provide
permdnent fonanc ing, and for the rate at which
solar apf haationy, nenetrate the residential
housing marbel.  In many instances, Lite tycle
tost {11L) analysiy tndicates that investment
in wlar systens or design fecnmigues for
space comnditoning and water hezting will
yield o positive sconomic benetar! to hom:
Wonrs over the srpe ted system Tifet fime,
Howe.¢r, the averaye homeowner 1n the tinited
Ytaten moves oyt amee evey b Lo o year ..
This means that the accumalated fuel savino
pver the ownership period amognt to A4 much
smallor value than that predigcted hy a taenty
or tatety year 100 analysis, 1o the oatent
that the additional capital expense of the
wnlar devign can be recouped at the . ime of
resale, the homeowne) will realf, = an ynere-

USA

mental profit or loss that can have a sy -
ficunt impact upon the econotir benviyt uf
the investment uver the ownership period.

In providing permanent financing for solar
homes, lending 1nstitutions dre concerned with
the security of the mortgage or real estate
loan., Besides e..luating the tinam 1a?
ability of the homebuyer to absorb aJdditiuvtal
debt burdens (hagefully with cunsideration of
subsequent fuel savings), 10an oftficers must
hdve cortidence that the residerce can be re-
suld in the event of mortygage detault. 1t the
solar portion of the 'ome is viewed a4 an

over imprayvement , the marbhet or appratsed
value af the solar home will not reflect the
true tapital coat of the splar additun whigh
impYies the band must wbiorh the subnegue: t
Toss,

With riswng energy costys, s lar he=eo nray
a means for ansulating the horeoaner fyae -
tredas 'ng operating conts, Jt parsive and
wttive solar hot o appreciate at o rate aloave
¢ her nonsolar comparables bevause of thess
ehm gy saving ‘eatures, buver denard ang
burlder sypnl: of sular hoawes are Dikely e be
stinglated "ocause of Lheyr favinable marest -
ing char.cterinties,

Thus, consideration of residenttal solar hons
revale woamportant tar understamding the
tredtment of enerygy conwerving tnvestoents in
real ostate marhets and tor propet Iy evalual -
ng the monomic yiability of solar Invest-
menty, where twne ship periods are substantiag-
1y less than usety) syster lives,  The remnrd
eroaf thiy section aets forth the problers of
measyrement awd tevale svalualion, and con
tluden with & divcuns1on ot g technigque usedd
to ovaluate the impor tance of 1esale as ot
pconemic pavemeter jn Qwnership Cycle (ot
(M) analysis,  The following section ode
veribes eadsting analyses of solar renale
from actual real entate mavket data, ami the
final setion entab) v the noed, Yegquue
monty, and posstble sethods for acnuiring g
statistically stqmificant Jata set fagn which
mur tom lunive solar resale wnalys s can be
mAde



1.2 Measurement Issues

The goal of residential solar home ressle
amlysis 1s to determine whether solar fea-
tures add to, detract rvom, or have no impact
upon market value of homus in the real estate
market. The orly way to make such a deter-
mination 1s to ubserve sales and purchase

data for solar and comparable nonsolar homes
in the same ;cographic locale over an extended
period of time. The sample size must be large
enough to establish statistical tests of sig-
nificance with respect to impact of solar
addi*ions upon property values. A myriad of
factors influence property values including
locational consideretions, housing market con-
ditiuns (interest rates, ava“lability of mort-
gage funds, demand versus supply, etc,), and
jndividual home characteristics.

Scparation of the influence of .ular attributes
upon property values from all of thesc other
attributes is not a straightforward matter.

In fact, property valuation has been the sub-
Ject of much research dnd andlysis, and a

range of statistical techniques (from simple
averaqging to stepwise regression and systens
dynamics) have been used. HMHowever, at this
point in tine, the most severe constraint to
soldr resale analysis i1s the lack of compiled
data. Without gqund data, even the most saphiy, -
ticated real estate analysis technique s
rendered useless.

Before discussing some of the scant resale
data that Yy beer, collected, iU might be
helptul to analyse the economic impor tance al
resale in relation to other parametecs that
impact solar system economics.

Valur

To illu.trate the imprtance of resale as an
ecconomic parameter, a simple structure was
formuluted to determ'ne the pereentage in-
creane or decrgease i the residential solae
property value repared to achieve a targoet
level nf annualized it savings, The per-
centange change Uy achieve the stated savings
goal iy a tunction o' nthm economic para-
meters ncluding the bate property value at
time of purchase, the solar system {ngrementa)
cont, simple payback, annual fuel escalation
rate over the ownership period, the length of
the ownership period, and the remaining f{nan
c1al parametors that normally enter an (0t
LOC analysin (1,

A verien Of assumptions Were necessary i
order to simplify the analysis for {Vlustra-
tive purposen,  These included the following:

« the solar property has svimilar attributes
av the nensolar property, with the exception
of the solar additions,

v intremental costs of the solay addition

are known and the basc solar nprorerty velue
(costs without solar) is identical to the non-
solar comparable property value.

* the cost/value ratio fcr buth proherties
equals one when permanent finarcing iy obtaines,

= the mortgage financing ter's ;re the sane
for both properties.

» the remaining principal on the solar partion
of the mortgaqe is subtractec from b - final
soiar market value to arrive a4t the net resale
prufit.

Given these assumptions, twu models of solar
resale were defined:

(1) Tne solar home appreciates in value ac-
cording to two separable rates; the hase house
appreciates at the same rate as the nonsalar
comparable house, but the solar addition aj.-
preciates ot some other rate which could bue
higher or lower. This is meant to represent
the case of an active solar installation that
necd not involve o change {n the ervelope
chardacteristics of the home and where tne
solar addition s cledrly separable.

(¢) The solar home appreciates in valu
according to only one rate which may be higoer
or lower than the appreciation rate ot the
nonsolar comparable.  IThis s meant to repre-
sent the case of an integral passive soiar
design that is not easily separabde *rar the
bate home atyelt,

Althougr, both models were analysed, o0 1, e
results for the firat mode] are preserted 1.
this paper. Fagurc o tmoagh Yo show the
total percentaqe change n swoiar component
marhet value between purcase do'e and sale
date thay iy required tn wehieve the soated
level of annualised duller savings Shy, oy
alternative values of «nual ful . alation
rate, A family of curves is shawh o gy
to ownership pertod (P1) and simple -a,ba b
(PBE) of the dosign,  [The followtng conclus
fans can be made:

v for specitied values of PEoand tuel escada
tian rate, the reguired percentage change gete
latger as simpde payback pervod increas en,

o oy specitied values of PHY and fuers encala
tyon rate, the required percentage Chatgje et
sl ey as 'Lt reases,

« far long ownership perimts, short paybach
periods, #od high tuel ewcalation gate., the
solar addition can actually deprectate n
value more than fty fnit 1 covt and the was
fngs target Jeve! will ~till be achieved,

« a4y the savings target level inoreases fro
$0/ve to S1000/yr, the porcentage change 1
quirement becomen Yaigem with all other para
meters hold constant



Fig. 1

REAUIRED PERCINTAGE CHANGE 1N SOLAR MARKET VALUE

PEALIRED PERCINTAGE CHANGE IN SOLAR MARKEY VALUE

Relationship Between Required Percent-
age Change In Solar Resale Value And
Annual Fuel Escalation Rate For Various
Values Of PT, PBY, And Annualized
Savinqgs,
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soogs the sodlar yncremental ottt angregnen
frov $L000 to Q16 006 (not Y lustrated iy
1), tre poveentage change vegeited dectoatae:
because of the larger aatial solar yne poent
al cost, the fere savingy Ltarget lesel,
vicrenental selar cont has e Vgt o

the required percentage change 1o the sala
wihdition marert value.

Thewe figures ostables? the ampor tan. e !
solar resale valuation espectal by wnen tabern
in the contept of otheyr eoononye goseyit ane

It the solar system = high o aaitigl qost
and displaces cheap fuel so the paybacdk peryod
tv relatively lone, the only was o homeoawne
o bread even or realife posative egonon g
benefits over the ownetshitp per e 1 i the
solar addition appreciates art a strong rate

over e, However, the 1vany of the
situatton s that s ah solw deoages may e
fact be viewed an ver pmpraverents be oaute of

the high it
ardd therefm e
At ]l oot

aperae andt low e
the solar addytien
tn the ma:bet place

TR IS
onet valane
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Upon reviewing the Nteratute for Lolar hore
resale analysis, taldbing to individuals at
the U, Department of Moustng and Urbar
Desmlopment (WUD), Frank lin Inntityte, the



Real fstate Research Corporation (RERC), and
contacting numerous real estate appraisors,

one point hecame clearly evident: no Sub-
stantial analysis of residential solar home
resa’e throughout the country has been conduct-
ed . In the sections below, brief sumaries

of resdle studies are given dand point to the
need for date compilation and analysis which

js discussed in the final purtion of this paper.

2.2 HUL Demostration Program

The data collectior. program from Cycles 1
tnroutgh & of the HUD Residential Solar Demon-
stratior Frograr was conducted by the Boeing
Aerospa. o Corpmation with a series of sub-
cortracts to thee American Institute of Archi-
tects Revwar on terp, (AIA/RCY, RERC, Duban/

Floc e oarat A oo tates, and several ather
orger12ationt . 1 the 11,5960 grants awarded
by, Mooy 10t w U to single family residential

urdts, wherea's the remaieong 1) 305 went to
rltr-faeal, oty (2). RERC conducted an
ntervies ¢f 17t Builaers who were responsitle
Car W single ‘amiy units.,  Of these units,
orly 3 were anlit gt full cost to the first
howetuyer . Thay s an dirportant poInt becduse
the tost peale var only yield usetul anfor-
Retitt W1 the oooaditiony ot ale approximate
feane et C-lered 1 She notg 1 real estate
Paree’, ety S ity out of 1216 would be
divtaabile to rveale andalynis,. Inoanother seriey
of foiinmu; tnter views o HUD home grant par-
hasers, KiED ol tained information fron 91
nenek 4L whoo were gqueried ahout @ number of
e s tha Lt vesale, 0 Cese 93 homebayer sy,
e b o b ' giten v resales and Y ot fer
the nores wast' D actaally on the marbe?
Coate 0 vt actual resale, only
v othe e el My e Pehgy e

0f thewr 4, 1n orly one vase

PLUTEEN]
LFTURUNS
Slaabeer on

was the full cost of the design passed forward.
Toerefore, in the analysis of HUG demonstration
data ava1lable as of this writing, only 1 re-
sidential solar home rescle has been analysec,
with no suppcrting Jdata on comparables in tne
area collected at the same tine.

The data collection . “fort sponsored b, iUl
was not designed to cu inct a comprehensive
solar home resale data ba.t¢. MHowever, as tne
number of first resales increates in tne neat
several years, an opportunity exisil Lt track
the performance of solar homes in Lhe real
estate market.

2.3 Davis, California Case Study

The only other study dvailable wds an analysis
of nine homes resuld 1n the Village Homes
Subdivision of Davis. CA. develuped by Micharl
and Judy Corbett  Staft at the REKkU anter-
viewrd the co-developer and realtor of Village
Hares 1o deterrine ynitial purchase price ar !
resale price of Lhe solar homes., The averaye
solar incremental cost of the nine homes
varied according to the active dnd passive
solar destign specifics, bul the dverage cost
wes about $4000 added to the sale pr.ce uf

the homes.  Before the fars' resaie, the
houses were owned for o period of tane rareg-
g from 15 m athy o 4 1/ yeary, Tne

summe y data on these nine ctalar home resale
1y trar an RPERC report {(G) aqe 1 repeated e
Table 1.

"According te Davis readtors, the current
annual apprecratyor rate 1 therr area

ranges hetween 10 and o0 percent, The aver -
apireciation rate tor the nine Vallage bore
resale, was V0 percent oa e et man
average range for the bavis area, Aol banue,

Tetie o SUEAR PESARES THOVTULAGE nOME DEVELURMONS , DAV, (ALY obNY A
g tievre o Speculatives Purchase  Purchase  Resale Resale Doveane aelling
et (untom Built ‘rive Date Date Price i/ rear Time:
1 l1ann r 51,00 10/ 1 W/ IR 6600 e i o,
. 1400 s ha hon 02711 0/ 16,000 A 1 no
' 1t N 64,000 s} 09/ 1% ja 000 Shh 1-" mun
1 ua Y 700 (H P 06/ e B Lo00 16 PR
. Il U hr oon /! vl pd o 1 L (I
t 1401, g 4 ,0nn on’l? 170 6,000 o 4.4 moe.
! 1o n LU (LY, (1T S [ NN T S a4,
k 104 H/A Ji' 00 oh N LR L S AU (IR ln
v 100 N/A 14,000 04/ /6 17 e hao 0" hoA
Avevane - Avey age Averange
H0,100 1 non AL
RTNT Franklie Inntityte; voe reforemce (4).



dard average, with more than half of the homes
achieving resale values above the standard
range--perhaps reflecting a higher vaiue placed
on homes with lower operating costs. The
realtor handling the resales states that

houses in Village Homes dre 'selling faster

and getting more' than other homes in the

area” (4).

3. COLLECTING THE NECLSSARY DATA

3.1 Case by Case Approach

The RIRC interviews examplify the case by
tasce date collection approach. Resale data
tan be compiled o' the local level by inter-
viesing homeowners, developers, real estate
aqents, and appraisors and by searching
throuqh title offices of local county gnvern-
met-ts, The difficulty with this direct ajp-
pria.h 1y the tine required and expense incur-
ved 10 compiling local data. On the other
hata!, Jocal interviews allow one to Qain @
bettsr Anwiant 1ntu the specific market con-
d .t gnd other qualitative information re-
et the general acceptance and afprecid-
tian of residertial solar properties. QOne
record e Lqt1ct would be tu conduct more home-
buver e lowag anterviews of fUD solar grant
hores. Many 6! the 1716 residential single
Gy, e ute Wil e oreas T e the next B
v U e ety gn pppartunity to
Prace e a0 oangg 0f S0t properties in
real enrete ranvety throughout the country.,

0 B prained Dervdoe Datg Base Appr . b

A a' erngt tyve ap; coach that offery ¢ totier
Wttt obtavmang larger sample sigey iy

t: rabe we 0f the services provided by reol
entate dat, cellection tirms scattered throagh-
out e coantey, Une swch firm that this
At v waare nf oy gae SREA Market Datae
tentery, Ire docatee i Southern Lalifarne,
he Marbet Data Center covides a sybseriptan
servioe to lenderys and af cratsors (erther
independert or with saving, and loan instity-
tiony) thet givey members aeess to a larqe
v Lt tand regl putate data base () In
Ao oo computer soltware pachage called
ML YAE can be ogsed on a timeshoaring systom
tha! A llowe the user rasy accens to comparable
mirket and %aicey data in a large number of
voal onlate markety,  Where the sample sign

1 laige enough, mpltiple reqression tech
mgues can be used to constryct algeir e

equatl un, that are derived from and dosorip
tive of splected housing sales, It should

be emphasized that the MULVAE «wynter v not
meant to he a substitute for espartence!
appratsor Judgecaent ) rather, 1t i a cost
etfrctive, rasy to accest yystem that (an

help appratsoesy inorease their productivity

by ~aving time tr the process of valuing
proper e

abhorp tion memhory are recaested to (omplete
o frage data forme tha sunmartze informat fon

contained on standard appraisal forms including
information on sales price data from real
estate contract~, The SREA Marketr Data Center
form includes a box on fuel type used in the
home for heating purposes. It should be pos-
sible to .iter this one item in order to allow
distinctions between active and passive space
and water heating with alternative baubu) ‘uul
combinations.

Over time a Jdata base cuuld bt genera'ed Lhat
would inclulde a categorization of solar syste:
type and ciher relevant market data. with
sale prices reported, regression analysis
could br uSed to determine the influence of
solar additions on proparty market values.
Although the data base would take a period

of years to accumulate, the benefits would po
obvious:

« 1information on solar penetratior. 1n Select
marbets would be oblained.

« the impact of solar addgitions on property
values could be determined using multipie
regression technigues.,

¢ a Cnsistent date base would be compiled
on other characteristics ot solar homes in-
cluding backup fuel types, construct uu
methods, and so forth,
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